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ABSTRACT. Growth responses of Andropogon gerardi Vitman (big bluestem) and
A. scoparius Michx. (little bluestem) seedlings to variable soil type (silt loam vs. clay
loam) and soil moisture (dry vs. wet) were examined when individuals were grown in
pure and mixed-species cultures. Both species exhibited better growth in more mesic
soils (wet and/or clay loam). Dry soil had a significant negative effect on shoot height,
shoot production, and total production of A. gerardi and resulted in increased root/shoot
ratios. Shoot height and shoot production of A. scoparius also declined in dry soil, but
to a lesser extent. Growth of each species was not significantly different in pure and
mixed-species cultures at the density employed in our study (495 plants/m2). Our data
suggest that in natural prairie communities, interspecific interference between seedlings
is relatively unimportant in determining the later distribution of adults. Rather,
A. gerardi is restricted to mesic lowland sites because of seedling sensitivity to drier
conditions; and A. scoparius is excluded from these sites through shading by the taller,
mature A. gerardi. Seedling tolerance to low soil moisture allows A. scoparius to colonize
xeric upland sites and therefore coexist with A. gerardi.
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INTRODUCTION
Coexistence between closely related spe-
cies implies an evolutionary divergence
with different controlling factors limiting
the species populations (Harper et al.
1961). Andropogon gerardi Vitman (big
bluestem) and Andropogon scoparius Michx
(little bluestem) are sympatric grasses in
the mixed and tall grass prairies of central
North America. Weaver (1954) found dis-
tinct differences in the microhabitat of the
2 species. Andropogon scoparius occurred in
greatest abundance in upland regions and
was gradually replaced by A. gerardi along
slopes and in lowlands. Hladek et al.
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(1972) observed a similar pattern in
Andropogon distribution in remnant shale-
limestone prairies in Kansas. Lowland sites
were characterized by wetter soil condi-
tions and higher soil organic matter.
Weaver (I960) demonstrated that in areas
with higher annual precipitation, the rela-
tive abundance of A. scoparius decreased
and A. gerardi increased.
In an experimental study, Mueller and
Weaver (1942) examined the relative
drought tolerance of 15 species of prairie
grasses grown together. Andropogon
scoparius seedlings were slightly more
drought tolerant than A. gerardi under
these conditions. They did not, however,
examine the species responses when grown
separately nor did they exclude inter-
specific interference (competition and/or
allelopathy) as a partial explanation of
their results.
Experimentation on seedling growth
response may help explain the observed
distribution of A. gerardi and A. scoparius
because the seedling stage is critical in
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the establishment of plants (Mueller and
Weaver 1942, Harper 1977). In this study
we experimentally determined the growth
response of A. gerardi and A. scoparius
seedlings to different soil moisture levels,
soil types, and species combinations (com-
petitive situations).
METHODS AND MATERIALS
The experiment was a completely random
2X2X2 factorial design with 3 replicates (pots) per
treatment combination. The following factors were
examined: species composition (pure vs. mixed-
species culture), soil moisture (dry vs. wet), and soil
type (silt loam vs. clay loam). Each species was
grown separately in pure culture (4 seedlings/10 cm
diam. pot — 495/m") and together in mixed-
species culture (2 seedlings of each species/pot). This
density is similar to the density of prairie grass
seedlings (376/rrT) which germinated from soils
collected by Weaver and Mueller (1942). Wet soil
conditions were created by saturating pots 3 times
per week; dry soil was watered to saturation twice
per week. Soils were similar in texture, but clay
loam had considerably higher nutrient concen-
tration, cation exchange capacity, and percent
organic matter than silt loam (table 1).
"Bonilla Big Bluestem" and "Nebraska Native
Little Bluestem" seeds were obtained from Wilson
Seed Farm, Polk, Nebraska. Seeds were germinated
in petri dishes on moistened filter paper and seed-
lings were randomly assigned to treatments. Pots
were placed in the Miami University green house on
22 September 1977. Temperatures ranged from
15-20 C. Flourescent lighting was used to extend
the photoperiod to 12 h.
Growth parameters were measured when plants
TABLE 1
Composition of soil types used in the experiment.
Soil texture after Cox (1972).*
Soil Character Clay Loam Silt Loam
Particle size (%)
> 2 mm 6.1 2.1
sands (2.0 - 0.005 mm) 32.8 12.4
silt (0.05 - 0.002 mm) 34.8 65.7
clay (< 0.002 mm) 32.4 21.9
pH 7.0 6.9
Nutrient concentration
(g/m3)
Calcium 7186 2817
Magnesium 1374 344
Potassium 187 134
Phosphorous 99 75
Nitrates (g/m3) 250 35
Organic matter {%) 19 2
Cation exchange capacity
(meq/lOOg) 33 12
Chemical analyses done by Soil Analysis Division,
Ohio Agricultural Research and Development
Center, Wooster, OH.
were harvested at the end of 8 weeks (17 November
1977). Shoot height (to the tip of the tallest leaf) of
each seedling was measured. Shoots and roots were
collected and oven-dried for determination of shoot,
root, and total production (shoot + root pro-
duction) and root/shoot ratio (root production di-
vided by shoot production). Analysis of variance
was used to determine significant variables, and
Duncan's new multiple range test was used to sepa-
rate means when significant interactions were found.
A critical level of a — 0.05 was used throughout.
TABLE 2
ression models of the effects of significant factors on the growth response of
Andropogon gerardi and Andropogan scoparius seedlings.
Species and Models' Coefficient of Determination (r )
Andropogon gerardi
Shoot height = 1.5 + 4.5 M
Shoot production = —2.7 + 7.7 M
Total production = 12.1 + 9-9 M
Root/shoot = 12.8 - 2 . 8 M - 3 . 4 T
Andropogon scoparius
Shoot height = 12.6 + 12.0 M + 12.8 T
-5.6(M*T)-0.8(T*C)
Shoot production = - 4 . 1 + 3.8 M + 6.0 T
Root production — 14.2 — 3-7 T
Root/shoot = 2.9 - 1.2 T
0.31
0.35
0.32
0.43
0.54
0.42
0.20
0.41
M = soil moisture, T = soil type, M T = interaction effect of moisture and soil type, T C
interaction effect of soil type and species composition.
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RESULTS
Regression models are presented in
table 2 to summarize the significant vari-
ables for each parameter and show the
direction of seedling growth response. In
the regressions, a value of 1 was given to
pure culture, silt loam, and dry soil. A
value of 2 was assigned to mixed-species
culture, clay loam, and wet soil. Only fac-
tors which were significant according to
analysis of variance were placed in the
model. No factor significantly affected
root production of A. gerardi (fig. 1A),
or total production of A. scoparius (fig.
IB), therefore these models were not
developed.
Shoot height, shoot production, and to-
tal production of A. gerardi seedlings were
significantly depressed in dry soil (table 2,
fig. 1A). Root/shoot ratios were signifi-
cantly greater in dry soil and silt loam.
Species composition of pots had no appar-
ent effect on any growth parameter of
A. gerardi.
Shoot height and shoot production of
A. scoparius seedlings were lower in dry
soil, but to a lesser extent than in A. gerardi
(table 2, fig. IB). Root production, total
production, and root/shoot ratios were not
significantly affected by soil moisture dif-
ferences. Shoot height and shoot pro-
duction were significantly higher in silt
loam. The interaction of soil type and soil
moisture had a significant effect on shoot
height in A. scoparius; shoot height was
lowest in dry, silt loam. Although species
composition had no apparent main effect,
the interaction of species composition and
soil type was significant; growth was
higher in pure culture using clay loam soils
than in mixed-species, silt loam and pure
culture, and silt loam.
DISCUSSION
The observed distribution of a species
reflects its responses to abiotic factors and
interspecific interactions (Pickett and
Bazzaz 1976, Grime 1979). Our data
suggest that in the seedling stage, when
plants are becoming established, inter-
ference between A. gerardi and A. scoparius
Andropogon gerqrch Andropogon scoparius
Spp Soil Soil Spp. Soil Soil
Comp Type Moist. Comp Type Moist
FIGURE 1. Mean growth responses of Andropogon
gerardi (A) and Andropogon scoparius (B) seedlings
to experimental levels of species composition,
soil type, and soil moisture. Asterisk indicates a
significant difference between treatment levels
(a = 0.05).
is relatively unimportant. Other factors
must play a greater role in determining
the microhabitats occupied by mature
individuals.
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Seedlings of both species exhibited bet-
ter growth under more mesic conditions
(wet and/or clay loam soil). Andropogon
gerardi, however, appeared to be less toler-
ant of low soil moisture than A. scoparius.
The dry soil treatment caused a more pro-
nounced depression of A. gerardi shoot
height, shoot production, and total produc-
tion and a significantly higher root/shoot
ratio. Several authors have suggested that
the root/shoot ratio is an important indi-
cator of water stress; higher ratios are
attained as water deficit increases (Perino
and Risser 1972, Etherington 1975).
Differences in tolerance to more xeric
conditions may be due in part to the mor-
phology of the root systems of A. gerardi
and A. scoparius. Weaver and Fitzpatrick
(1932) found that A. gerardi had a coarse,
deep root system which was most efficient
under continually moist conditions. In
contrast, A. scoparius possessed finer, more
shallowly penetrating roots which spread
laterally, enabling efficient water absorp-
tion, even in dry soil.
Andropogon gerardi may then be re-
stricted to more mesic sites by greater soil
moisture requirements of seedlings. The
almost exclusive occurrence of A. scoparius
in xeric microhabitats is interesting be-
cause seedling shoot production was im-
proved under the wet soil treatment of
our study.
Although interspecific interference was
not apparent between seedlings, other
researchers have indicated that it may be
important at later stages of growth. Com-
petition for light may be an important fac-
tor limiting A. scoparius in areas occupied
by A. gerardi. Weaver and Fitzpatrick
(1932) demonstrated that A. gerardi seed-
lings are shade tolerant, but those of
A. scoparius are not. Once A. gerardi
becomes established, invasion by upland
species (including A. scoparius) becomes
more difficult because mature A. gerardi
are as much as 2 m taller (Weaver 1958).
Weaver speculated that the absence or scar-
city of upland grasses in lowland situations
is not due to unfavorable soil conditions,
but to this shading effect. When he re-
moved A. gerardi from lowland sites,
A. scoparius thrived.
Analogous situations have been found in
other plant communities. Two sympatric
successional annuals replaced each other on
a soil moisture gradient (Pickett and Bazzaz
1976). AbutiIon theophrasti was able to re-
produce under all moisture conditions
when grown alone. In the presence of
Polygonum pensylvanicum, however, Abutilon
reproduced only where water deficit lim-
ited the stature of Polygonum, or when the
Polygonum canopy was reduced phenolo-
gically. In an English fen, Glyceria maxima
inhibited the establishment of Phragmites
communis near open water (Buttery and
Lambert 1965). Growth of both species
was reduced in drier soil but the greater
tolerance of Phragmites allowed its estab-
lishment in areas devoid of Glyceria.
Xeric upland habitats appear to serve as
refugia for A. scoparius from competition
with A. gerardi, and can be exploited be-
cause of the former species' broader toler-
ance of soil moisture levels. A niche shift
by A. scoparius in the presence of A. gerardi
is substantiated by our data and the re-
moval studies of Weaver (1958). Seedling
tolerance to relatively low soil moisture
and competition for light appear to be im-
portant factors controlling the distribution
of mature plants.
ACKNOWLEDGMENTS. We thank D. H. Taylor for
critically reviewing an earlier draft of this manu-
script. Manuscript preparation was supported by the
Radian Corporation and under Contract DE-AC09-
76SR00819 between the University of Georgia and
the U. S. Department of Energy.
LITERATURE CITED
B u t t e r y , B . R . a n d J . M . L a m b e r t 1965
Competition between Glyceria maxima and Phrag-
mites communis in the region of Surlingham Broad
I. The competition mechanism. J. Ecol. 53:
163-182.
Cox, G. W. 1972 Laboratory manual of general
ecology. W. C. Brown Publ., Dubuque, IA 195 p.
Etherington, J. R. 1975 Environment and plant
ecology. John Wiley and Sons, London. 347 p.
Grime, J. P. 1979 Plant strategies and vegeta-
tion processes. John Wiley and Sons, Chichester,
England 222 p.
OhioJ. Sci. SEEDLING GROWTH IN ANDROPOGON 23
Harper, J. L. 1977 Population biology of plants.
Academic Press, London. 892 p.
, J. N. Clatworthy, I. H. McNaughton and
G. R. Sagar 1961 The evolution and ecology
of closely related species living in the same area.
Evolution 15: 209-227.
Hladek, K. L., G. K. Hulett and G. W. Tomaneck
1972 The vegetation of remnant shale-
limestone prairies in western Kansas. Southwest.
Nat. 17: 1-10.
Mueller, I. M. and J. E. Weaver 1942 Relative
drought resistance of seedlings of dominant
prairie grasses. Ecology 23: 387-398.
Perino, J. V. and P. G. Risser 1972 Some aspects
of structure and function in Oklahoma old-field
succession. Bull. Torrey Bot. Club 99: 233-239-
Copyright © 1982 Ohio Acad. Sci.
Pickett, S.T. A. and F. A. Bazzaz 1976 Di-
vergence of two co-occurring successional annuals
on a soil moisture gradient. Ecology 57: 169-176.
Weaver, J. E. 1954 North American prairie.
Johnsen Publ., Lincoln, NB 348 p.
1958 Summary and interpretation of un-
derground development in natural grassland com-
munities. Ecol. Monogr. 28: 55-78.
I960 Extent of communities and abun-
dance of the most common grasses in prairie. Bot.
Gaz. 122: 25-33.
and T. J. Fitzpatrick 1932 Ecology and
relative importance of the dominants of tall-grass
prairie. Bot. Gaz. 93: 113-150.
and I. M. Mueller 1942 Role of seed-
lings in recovery of midwestern ranges from
drought. Ecology 23: 275-294.
0030-0950/82/0001-0023 $2.00/0
ANALYSES AND EVALUATION OF THE RAW MATERIALS
USED IN THE EATON (HOPEWELL) FURNACE1
JOHN R. WHITE, Department of Sociology and Anthropology, Youngstown State University,
Youngstown, OH 44555
ABSTRACT. Analyses of samples of the raw materials locally available for use in the Eaton
(Hopewell) Furnace indicate that the iron ore and bituminous coal were of good smelting
quality while the limestone (flux) was not. The limestone had a much higher then
desirable silica content and a low calcium content. The limestone was insufficient to
the task of removing impurities introduced through the fuel combination of charcoal and
raw coal and contributed to the early demise of the furnace operation only 6 years after
its start.
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INTRODUCTION
During the summers of 1975, 1976 and
1977 archaeological excavations were
carried out at the Eaton (Hopewell) Fur-
nace site near Youngstown, Ohio (White
1980). Erected in 1802 against the steep
gorgeside of Yellow Creek, the Eaton (orig-
inally spelled Heaton) was blown-in in
1803 and lasted until about 1808. After a
failure of the inwall lining and the sub-
sequent spillage of the entire cast onto the
casting floor as a large multi-lobed sal-
'Manuscript received 15 July 1980 and in revised
form 21 October 1981 (#80-39).
amander, the furnace owners decided not
to repair and relight.
Until the archaeological work was
undertaken there was very little known
about this modest smelting operation. Ac-
cording to historical information, it was
the earliest blast furnace west of the
Allegheny Mountains and the earliest in-
dustry of any kind in the Western Reserve.
Outside of this observation, little else was
known about the day-by-day operation of
the furnace itself, its efficiency (or lack
thereof), the production economics, or the
quality of the raw materials employed.
These were some of the reasons why the
